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Abstract –  Four Tuscan populations (central Italy) and three Italian populations from southern Italy (Campania) were sampled to compare 
their genetic variability and genetic structure. In each geographical area one of the sampled populations is originated naturally in forest 
and used as a local reference. The remaining populations were originated artificially. Indeed, field maple was traditionally used in Italy 
to supply fresh fodder to animals in dry summer period as tree twigs or to train up grape trees in the fields edges. This tradition initiated 
at the time of Etruscans and continued throughout the Roman partitioning of agriculture landscape. Biochemical markers were used to 
explore variability in the examined populations (5 enzyme systems by 11 loci). Results showed that the main amount of variation is due 
to the individual component as for most of the scattered hardwoods in Europe and that differentiation among populations for these neutral 
traits is relatively low. On the other hand, the natural populations in both the geographical areas showed a very high level of panmittic 
equilibrium, whilst the artificial populations were really distant from this condition showing a high probability of  “founder effect”. This could 
be determined by the former system of self-supplying reproductive material carried out by farmers, based on the wild offspring collection 
growing around few mother trees. Discussion is focused also on how handling the opportunity given by many hundreds kilometers of lines 
in the agriculture landscape as a way of managing diversity for this species. 
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Riassunto – Prime indagini sulla variabilità e la struttura genetica dell’acero campestre (Acer campestre L.) in ambienti influenzati 
dalla presenza antropica in Italia centrale e meridionale. Questo lavoro compara la variabilità e la struttura genetica di alcune popolazioni 
dell’Italia centrale (4 in Toscana, in provincia di Arezzo) e di altre campionate in Campania (2 in provincia di Salerno ed 1 in provincia di 
Caserta). Di queste, alcune sono di origine artificiale, tradizionalmente rappresentate da filari, maritate alle viti, sui bordi delle antiche 
centuriazioni romane, o semplicemente costituite da piante usate ai bordi di campi o antichi pascoli per fornire frasca verde al bestiame 
nei periodi estivi. Altre sono invece di origine naturale, cresciute in foresta a bassa influenza antropica, come quelle di Dagnano (Arezzo) 
e di Cerreta (Salerno), usate per questo studio come riferimenti locali. L'analisi genetica è stata effettuata con marcatori di tipo biochimico 
(5 sistemi isoenzimatici che hanno consentito di individuare 11 loci). L'indagine ha come obiettivo quello di verificare l'eventuale impatto 
della gestione del paesaggio agricolo e della sua storia sulla strutturazione della diversità genetica e quale potrebbe esserne la migliore 
gestione. La specie ha rivelato, come per altre a distribuzione sparsa delle foreste europee ed italiane, livelli di differenziazione relativamente 
bassi ed una elevata componente individuale della variabilità. Le popolazioni artificiali hanno inoltre mostrato le probabili conseguenze 
del sistema di approvvigionamento adottato dai contadini per rifornirsi di materiali di propagazione. Esso consisteva probabilmente nel 
prelievo di “selvaggioni” ai piedi di poche o singole piante madri, in bosco o in filari più antichi, per il quale i dati raccolti lasciano intuire 
un probabile “effetto del fondatore”. Per contro, le popolazioni di riferimento di origine naturale mostrano elevata eterozigosi, con equilibri 
prossimi alla panmissia.  L'acero campestre non è, sicuramente, una specie a rischio, ma costituisce una caratteristica storica importante 
del paesaggio toscano e del centro-Italia in genere che andrebbe conservata. I filari presenti su tutto il territorio sono, infatti, una riserva 
genetica rilevante. Di conseguenza, sarebbe utile e auspicabile che le filiere vivaistiche venissero impostate tenendo conto anche di 
questo esempio per favorire una gestione sostenibile del paesaggio (in questo caso interessato da centinaia di chilometri di filari) e per 
tutelare e conservare la diversità.  
Parole chiave: Acer campestre, isoenzimi, variabilità genetica, conservazione, Toscana, Campania.
F.D.C.: 176. 1 Acer campestre: 165: (450. 5/.7)
Introduction
Field maple (Acer campestre L.) is a diployd spe-
cies (2n = 26) belonging to Aceraceae (Gellini and 
Grossoni 1997). In Italy there are at least 6 spontane-
ous species of the genus Acer, distinguishable mainly 
for the different characters of leaves and fruits: Acer 
platanoides L. (Norway maple), Acer lobelii Ten. 
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(Lobel maple), Acer campestre L., Acer pseudopla-
tanus L. (sycamore maple), Acer monspessulanum 
L. (Montpellier maple) and Acer opalus Mill. (Italian 
maple; Figure 1).
A. campestre has small leaves, generally with 5 
lobes, and produces flowers in corymbs. Morphologi-
cally, field maple is hermaphroditic, but functionally 
unisexual due to reduction to one sex. Thus, it can 
predominantly be male or female. Pollination is en-
tomophilous, with possibility of self-fertilization. Its 
Fig. 1 - Species of the genus Acer spontaneous in Italy (Allegri 1988).
Le specie spontanee di acero in Italia (Allegri 1988).
Fig. 2 - Natural distribution range of Acer campestre (NAgy and Ducci 
2003).
Areale naturale di Acer campestre (NAgy e Ducci 2003).
fruits (double-winged samaras with opposing wings) 
ripen in September and are dispersed by the wind.
The natural distribution of the field maple covers 
most of Europe (naGy and Ducci 2003), till Vistula 
and Don rivers (latitudinal range: 55°N to 38°N), but 
it is absent in Scotland and Scandinavia and rare in 
southern Spain. It is also present in northern Africa 
and Turkey, up to the Caucasus and Iran (Figure 2). 
A. campestre is very common in all Italian regions 
and with Carpinus betulus L., Ostrya carpinifolia 
Scop. and Fraxinus ornus L., it forms the lower 
canopy of xerothermic oak forests (Bernetti 1995; 
Gellini and Grossoni op. cit.). Field maple can be found 
in central Italy traditionally used as living props for 
grapevines (hence the common name field maple) on 
hedges and along the margins of abandoned fields 
where it can become an invasive species. Since the 
species can tolerate pruning and defoliation, in the 
past it was used  as green fodder in summer dry period 
for animals. 
It is a post-pioneer species with wide ecological 
range; it is not possible to find pure populations of 
field maple, but only scattered plants or small groups.
Because of the utilization in agriculture since 
10,000 years, the field maple has been strongly ma-
nipulated. The long cultivation history especially in 
central Italy has contributed to shape the agricul-
tural landscape. Indeed, as early as the 9th century 
BC (Photo 1), Etruscans and Greeks slowly began to 
replace burnbeating with fallow and use shrubs and 
tree cultivation in a systematic way (sereni 1982). 
Photo 1 - Fields delimited by field maple lines standing up grapes trees, 
at the Latin use, encircled  the walls of ancient towns (Arezzo, Tuscany).
I campi delimitati alla maniera latina da filari di acero campestre maritati 
alla vite arrivavano fino alle mura  delle città (Arezzo, Toscana).
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The promiscuous cultivation (cereals with fruit 
trees) adopted by the Etruscans contributed more than 
other factors to differentiate landscape and, indirectly, 
to spread field maple. In this system, grapevines were 
indeed trained up to tree species that could withstand 
defoliation and pruning, like A. campestre (Photo 2). 
The cultivation of vineyards with “grapevines trained 
up to field maple trees” was so widespread that, in the 
subsequent Roman age, field maple was defined as ar-
bustum gallicum and was used to divide in centuriae 
the conquered territories. 
Field maple was therefore an important element 
in the agricultural landscape until the first half of the 
twentieth century when, with the spread of mechaniza-
tion, promiscuous crops were replaced by specialized 
crops. This change contributed not only to reshape the 
rural landascape, but it also had an influence on the 
genetic resources of field maple. 
Unlike other forest species - economically more 
important - studies on genetic variability of field maple 
are limited, even though it has an important role both 
from ecological and naturalistic point of view and as 
significant component of agricultural biodiversity that 
should be known, protected and preserved. Further-
more, due to its characteristics of spreading, genetic 
resources of field maple are put at risk by human 
activities, by the adoption of silvicultural techniques 
privileging major species in forests and by genetic 
introgression. 
Unfortunately, in Italy there are only few studies 
concerning the genetic diversity of genus Acer (Bel-
letti and Monteleone 2000; AA. VV. 2003; Belletti 
et al. 2004 and 2007) and the genetic variability or 
the amount of resources currently available is still 
Photo 2 - It was of common use in central Italy standing up wine grapes 
trees with hardwoods, mainly to field maple (Acer campestre).
Era di uso comune maritare la vite principalmente all'acero campestre 
in Italia centrale. 
unknown. No specific studies were recorded on A. 
campestre.
This research aims to make an initial survey of 
field maple resources still present in central Italy 
by the analysis of the genetic variation in several 
selected populations. Genetic variation enables spe-
cies to survive and adapt to changing environment. 
For this reason measurement and characterization 
of this variation - particularly in relation to human 
activities - is the first step to develop a management 
strategy designed to maintain stable, productive and 
sustainable forest populations (HaMrick et al. 1992; 
rusanen et al. 2000).
The analysis of genetic variability was made with 
biochemical markers. Isozymes are less informa-
tive than molecular markers, because of the smaller 
number of identified loci and lower degree of poly-
morphism observed (rotHe 1990), but they are co-
dominant, require shorter time and smaller lab costs 
compared to molecular markers. Consequently, it is 
possible to obtain useful information in the initial 
study of population genetic structure (GeBurek 1997; 
Müller-starck 1998; FinkelDey 2001). Concerning 
genus Acer, well-performed surveys realized with 
isozymes can be found in literature in the last few 
years (rusanen et al. op. cit.; konnert et al. 2001; 
eriksson et al. 2003; rusanen et al. 2003; iDDrisu and 
ritlanD 2004; Belletti et al. op. cit.).
Although some authors have disputed this asser-
tion (BerGMann and GreGorius 1993; Howe et al. 2003), 
isozymes are considered neutral markers (kreMer et 
al. 2002). Consequently, isozyme expression is not con-
ditioned by factors determining natural selection, as it 
happens with non-neutral markers such as phenotypic 
traits. However, although not directly related to adap-
tive characters, isozymes constitute a useful tool for 
management and conservation of genetic resources 
(BarrenecHe et al. 1998; streiFF et al. 1998; GöMöry et 
al. 2001; FinkelDay and Màtyàs 2003).
Materials and methods
Plant material and sampling
Since the field maple tree is a sporadic and mar-
ginal the traditional concept of population cannot 
be applied. Indeed, the maple individuals present a 
different scattering in respect to other social species 
that cover wide, continuous areas where an adequate 
sample of trees is possible. Therefore for this study, 
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only populations consisting of at least 10 individuals 
were considered. In populations sampled on the mar-
gins of forests, the chosen plants were at a distance of 
least 50 m one from the other, while in old vineyards 
all field maple trees were sampled. 
Within the Arezzo (Ar) province (Tuscany), popu-
lations were sampled in the following localities: Dag-
nano, Pieve, Ca' de Cìo  and Chiana. Scattered plants 
were sampled on the margins of fields, or trees inside 
old vineyards where the landscape is still influenced 
by the former Roman division. The main characteris-
tics of the examined populations are listed in Table 1.
Three populations sited in Campania region were 
also sampled and used as a comparision sample: Baia 
(Caserta - Ce), Vesolo and Cerreta (Salerno - Sa). 
Among both groups a population is growing in forest 
(Table 1). This characteristic permitted to compare the 
genetic diversity between plants artificially originated 
(e.g. trees sampled in vineyards) with "natural” popu-
lations (e.g. trees sampled in forest). The geographic 
distribution of the seven analysed populations is given 
in Figure 3.
Winter buds were sampled from all trees and af-
ter collection they were stored at -80°C until protein 
extraction.
Electrophoretic procedures
Since it is not possible to provide information 
about the genetic variability of A. campestre in Italy, 
the research carried out by leineMann and BenDixen 
(1999) was used as reference since it represents the 
Population Location  Elevation Mean annual Pavari phytoclimatic zone Stand
 Mean Lat. Mean Long. (m above rainfull
 (°N) (°E) sea level) (mm)     
 
Dagnano (Ar) 43° 39’ 12° 03’ 480 1000-1200 Lauretum, cold sub-zone;  Scattered trees on margins  
     Castanetum of the forest
Pieve (Ar) 43° 40’ 12° 02’ 480 1200-1300 Lauretum cold sub-zone; Scattered trees on margins  
     Castanetum  of the fields
Ca’ de Cìo (Ar) 43° 29’ 11° 54’ 260 800-900 Lauretum medium sub-zone  Rows on the sidelines of
      the fields
Chiana (Ar) 43° 27’ 11° 44’ 300 800-900 Lauretum medium and Scattered trees on margins
     cold sub-zone;  of the fields    
     Castanetum 
Vesolo (Sa) 40° 18’ 15° 35’ 650 1200-1400 Castanetum Scatterd trees around the  
      edges of the forest 
Cerreta (Sa) 40° 15’ 15° 41’ 550 1200-1400 Lauretum medium and Scatterd trees around the  
     cold sub-zone  edges of the forest
Baia (Ce) 41° 19’ 14° 14’ 100 900-1000 Lauretum hot sub-zone Scattered trees on the   
      margins of the fields
Tab.1 - Details of the main stand characteristics of field maple (Acer campestre) populations sampled for this study.
Principali caratteristiche delle popolazioni di acero (Acer campestre) campionate per questo studio.
first study on genetic control of isozymatic loci in 
field maple. 
Enzymes were separated by means of horizontal 
starch gel electrophoresis in 11.5% hydrolysed potato 
starch gel (Sigma S4501). Protein extraction and gel 
and electrode buffers composition were the ones 
proposed by leineMann and BenDixen  (op. cit.) and 
BenDixen (2001) modified. Stain procedures were 
carried out according to cHeliak and Pitel (1985) and 
Vallejos (1983).  The analyzed enzymatic systems, 
identified loci and allele variants are shown in Table 
2.  The most anodal zone of each locus was designated 
with number 1. Within a single zone of activity alleles 
were labelled with lower-case letters (a for the fastest 
migrates band). 
Data analysis
Fig. 3 - Geographic distribution of the seven populations of field maple 
analysed in this study.
Localizzazione delle sette popolazioni di acero campestre analizzate.
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3 By convention, a locus was considered polymorphic when the frequency 
of the most common allele was less than 95%. The value of P5% was 
computed considering both monomorphic and polymorphic loci.
4 A locus was considered neutral when its mean E-W value fell within 
the lower and the upper limits of 95% confidence interval of expected 
F value.
The main indices of genetic variation - such as 
mean and effective number of alleleles per locus (A 
and A
e
 respectively), allele frequencies, percentage 
of polymorphic loci (P
5%
)3 , observed heterozygosity 
(H
o
) and Nei’s (1978) gene diversity (H
e
) - were esti-
mated for Tuscan populations and for the reference 
system using Biosys-1 software package (swoFForD 
and selanDer 1989). The Evens-Watterson neutrality 
test (watterson 1978) was performed on each locus 
to test the neutrality of allele distribution4, using the 
algorithm of Manly (1985; with 1000 permutations). 
This index was assessed with the POPGENE version 
1.31 software package (yeH et al. 1999). Chi-square 
(c2) and likelihood ratio (G2) tests were performed 
on allele frequencies to check significant differences 
between populations with respect to Hardy-Weinberg 
equilibrium (GouDet 2001). The departure from the 
Hardy-Weinberg proportions and linkage disequilib-
rium were investigated using probability exact tests 
(Guo and tHoMPson 1992), provided in GENEPOP ver-
sion 4.0.7 software package (rousset 2008). A Fisher 
Enzyme Acronym EC code Loci N.  Allelic variants
Alcohol dehydrogenase ADH 1.1.1.1 2 ADH-2a
    ADH-2b
    ADH-2c 
Glutamate oxaloacetate GOT 6.2.1.1 3 GOT-2a
transaminase    GOT-2b
    GOT-2c
    GOT-3a
    GOT-3b
    GOT-3c
Isocitric dehydrogenase  IDH 1.1.1.42 1 IDH-1a
    IDH-1b
Phosphoglucomutase PGM 2.7.5.1 3 PGM-2a
    PGM-2b
    PGM-3a
    PGM-3b
    PGM-3c
Phosphoglucose isomerase PGI 5.3.1.9 2 PGI-2a
    PGI-2b
    PGI-2c
    PGI-2d
    PGI-2e
Leucine aminopeptidase LAP 3.4.11.1 2       -
Tab. 2 - Enzyme systems used in the study and allelic variants identi-
fied.
Sistemi enzimatici analizzati nello studio e varianti alleliche identificate.
test was performed to compute unbiased estimates 
of the exact probabilities (p-values). Furthermore, 
concerning genetic differentiations, significance of 
differences in allele frequencies between samples 
were determinated by using the Fisher’s exact test with 
the Markov chain method (Markov chain parameters: 
10,000 dememorization; 100 batches, 5,000 iterations 
per batch).
The FSTAT version 2.9.3.2 software package (Gou-
Det op. cit.) was used to measure the departures of 
genotypic frequencies from Hardy-Weinberg expecta-
tion, or inbreeding coefficient [F=1-(H
o
/H
e
)] (wriGHt 
1978), and to estimate the genetic differentiation 
among populations (nei 1987; Hartl and clark 1989). 
The latter was estimated by breaking down the total 
genetic variability (H
T
) in its intra-population (H
S
) 
and inter-population (D
ST
) component. The genetic 
differentiation level was calculated according to the 
following ratio: G
ST
 = D
ST
/ H
T
.  Besides, the F-statistics 
were estimated (weir and cockerHaM 1984) describing 
the genetic structure of populations: F
IT
 (genetic vari-
ability in total population), F
ST
 (component of genetic 
variability between populations) and F
IS
 (component 
of genetic variability within each population). Both 
groups of indices estimate genetic differentiation 
among populations. They are fixation indices evalu-
ating any excess or defect of homozygotes compared 
to reference values. In order to reduce the effect of 
missing data and/or any sampling defects (weir and 
cockerHaM op. cit.; caValli-sForza et al. 1994), the 
FSTAT program was used to carry out the bootstrap-
ping method (rayMonD and rousset 1995). 
The matrix of unbiased genetic distances (nei 1978) 
was used to obtain UPGMA dendrogram (Unweighted 
Pair-Group Method with Arithmetic averaging; sneatH 
and sokal 1973) which divide the populations in clus-
ters, verifying the possible geographic structure of 
genetic information (Farris 1972).
The degree of genetic isolation (gene flow) was 
estimated by N
m
 (number of migrants per generation), 
through two methods: 
1) by the relationship between F
ST 
and N
m
. In this case 
from wriGHt (1951): N
m
 = (1-F
ST
)/4F
ST
, where F
ST
 
was the proportion of the total genetic diversity 
among populations;
2) by the method of private alleles (unique alleles 
found in only one population). In this case N
m
 was 
assessed by GENEPOP version 4.0.7 (rousset op. 
cit.), using the frequency and distribution of rare 
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allele among populations, as developed by slatkin 
(1985) and Barton and  slatkin (1986).
The main components analysis of the dispersion 
matrix (el-kassaBy 1991) was carried out through 
NTSYS-PC version 2.1 software (roHlF 2000).  This 
type of survey helps to identify the genetic variables 
(allele frequencies) with greater variability.
Results
Genetic variation within Tuscan populations
The statistical analysis of data was performed on 5 
out 6 analyzed isozyme systems, since the LAP system 
did not show clear banding patterns with unreadable 
allele variants.
The number of identified loci and the allele dis-
tribution observed in our study  were similar to the 
results reported in leineMann and BenDixen (op. cit.) 
and BenDixen (op. cit.). In general, the observed band-
ing patterns showed Mendelian inheritance, according 
to leineMann and BenDixen (op. cit.) for A. campestre, 
konnert et al. (op. cit.) and Belletti et al. (op. cit.) 
for A. pseudoplatanus, rusanen et al. (op. cit.) for 
A. platanoides, iDDrisu and ritlanD (op. cit.) for A. 
macrophillum.
As for the studied systems, 11 loci were identified: 7 
were polymorphic (PGI-2; PGM-2; PGM-3; ADH-2; IDH-
1; GOT-2; GOT-3) and 4 monomorphic (PGI-1; PGM-1; 
ADH-1; GOT-1), with a total of 21 alleles. For the sys-
tem IDH, only a single locus with 2 polymorphic al-
leles was detected. The slower variant, b labelled, was 
present in only three (Ca’ de Cìo, Dagnano, Chiana) of 
the four populations in Tuscany, with a frequency 5%; 
this b variant resulted rare in our samples. 
Tab. 3 - Allele frequencies for isozyme systems analyzed in field maple populations (N = size of the population).
Frequenze alleliche dei sistemi enzimatici analizzati nelle popolazioni di acero campestre (N = dimensione della popolazione).
 Population
Locus Allele Ca’ de Cìo Dagnano Pieve Chiana Cerreta Baia Vesolo
  (Ar) (Ar) (Ar) (Ar) (Sa) (Ce) (Sa)
PGI-1 N 19 11 9 20 15 21 16
 Monomorphic 1.000 1.000 1.000 1.000 1.000 1.000 1.00
PGI-2 N 19 11 9 20 15 21 16
 A .000 .000 .000 .000 .000 .000 .000
 B .211 .091 .167 .250 .300 .214 .094
 C .000 .000 .000 .000 .000 .000 .000
 D .395 .591 .833 .575 .633 .738 .875
 E .395 .318 .000 .175 .067 .048 .031
PGM-1 N 19 11 9 20 15 21 16
 Monomorphic 1.000 1.000 1.000 1.000 1.000 1.000 1.000
PGM-2 N 19 11 9 20 15 21 16
 A .579 .455 .556 .550 .500 .333 .438
 B .421 .545 .444 .450 .500 .667 .563
PGM-3 N 19 11 9 20 15 21 16
 A .579 .591 .611 .675 .467 .690 .250
 B .105 .091 .111 .100 .100 .024 .000
 C .316 .318 .278 .225 .433 .286 .750
ADH-1 N 19 11 9 20 15 21 16
 Monomorphic 1.000 1.000 1.000 1.000 1.000 1.000 1.000
ADH-2 N 19 11 9 20 15 21 16
 A .184 .273 .389 .075 .367 .214 .344
 B .684 .545 .556 .600 .433 .595 .625
 C .132 .182 .056 .325 .200 .190 .031
IDH-1 N 19 11 9 20 15 21 16
 A .947 .955 1.000 .975 1.000 1.000 1.000
 B .053 .045 .000 .025 .000 .000 .000
GOT-1 N 19 11 9 20 15 21 16
 Monomorphic 1.000 1.000 1.000 1.000 1.000 1.000 1.000
GOT-2 N 18 11 8 19 15 21 15
 A .056 .000 .000 .053 .100 .143 .033
 B .750 .682 .625 .658 .867 .667 .767
 C .194 .318 .375 .289 .033 .190 .200
GOT-3 N 19 11 9 20 15 21 16
 A .026 .000 .000 .000 .033 .048 .031
 B .974 1.000 .944 1.000 .967 .952 .969
 C .000 .000 .056 .000 .000 .000 .000
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Allele distribution and frequency in polymorphic 
loci was similar in the 4 analyzed populations (Table 
3), with exception of locus GOT-3. Indeed, the allele 
GOT-3a was present only in population Ca’ de Cìo, 
while only in Pieve population GOT-3c was detected. 
The allele GOT-3b resulted monomorphic in Dagnano 
and Chiana, whereas  the allele GOT-2a was present 
only in Ca’ de Cìo and Chiana with a rare frequency 
(0.056 and 0.053, respectively).
The mean number of alleles per locus (A) was 
1.85 and ranged from 1.7 to 2.0 (Pieve and Ca’ de Cìo, 
respectively), while mean effective number of allele 
per locus (A
e
) was 1.49 (Table 4). In Pieve population 
allele PGI-2e was absent and locus IDH-1 was mono-
morphic. Moreover, the allele ADH-2a was quite rare 
(0.056). The mean value of percentage of polymorphic 
Population N/L A A
e
 P5% Ho He F
1. Ca’ de Cìo (Ar) 18.9 2.0 1.52 54.5 .192 .253 .241*
 (  .1) ( .3) ( .103)  ( .064) ( .081) 
       
2. Dagnano (Ar) 11.0 1.8 1.52 45.5 .264 .257 -.027
 (  .0) ( .3) ( .128)  ( .094) ( .085) 
       
3. Pieve (Ar) 8.9 1.7 1.42 54.5 .184 .233 .210
 (  .1) ( .2) ( .118)  ( .066) ( .078) 
       
4. Chiana (Ar) 19.9 1.9 1.48 45.5 .178 .244 .270*
 (  .1) ( .3) ( .089)  ( .061) ( .082) 
       
Tuscan population  1.85  1.49 50.0  .205  .247  .174 
mean  (.06) ( .024)  (.020) (.005) 
       
5. Cerreta (Sa) 15.0 1.9 1.51 45.5 .218 .238 .084
 (  .0) ( .3) ( .121)  ( .081) ( .084) 
       
6. Baia (Ce) 21.0 1.9 1.42 45.5 .173 .228 .241*
 (  .0) ( .3) ( .076)  ( .056) ( .075) 
       
7. Vesolo (Sa) 15.9 1.8 1.31 45.5 .132 .189 .302*
 (  .1) ( .3) ( .069)  ( .046) ( .066) 
       
Campania population 1.87 1.41 45.5 .174 .218 .209
mean  (.03) ( .058)  (.025) (.015) 
       
General mean  1.86 1.45 48.07 .192 .235 .189
  (.04) ( .029)  (.015) (.008)
Tab. 4 – Indices of genetic variability for field maple populations esti-
mated for all analysed loci. N/L: mean sample size per locus; A: mean 
number of alleles per locus; Ae: effective number of allele per locus; P5%: 
percentage of polymorphic loci; Ho: mean observed heterozygosity; He: 
mean expected heterozygosity (Nei 1978); F: mean fixation index per 
population or inbreeding coefficient (Wrigth 1978). Standard error in 
brackets (*significance level for P<0.05).
Indici di variabilità genetica stimati per le popolazioni di acero campe-
stre per tutti i loci analizzati. N/L: dimensione media del campione per 
locus; A: numero medio di alleli per locus; Ae: numero effettivo di alleli 
per locus; P5%: percentuale di loci polimorfici; Ho: eterozigosi media 
osservata; He: eterozigosi media attesa (Nei 1978);  F: indice di fissazio-
ne medio per popolazione o coefficiente di inincrocio  (Wrigth 1978). 
Errore standard tra parentesi (*livello di significatività per P<0.05).
 Locus
Population PGI-2 PGM-2 PGM-3 ADH-2 IDH-1 GOT-2 GOT-3
Ca’ de Cìo (Ar) .183 .136 .240 .124 -.056 .580** -.027
Dagnano (Ar) -.344 -.100 -.008 -.222 -.048 .371 -
Pieve (Ar) -.200 -.350 .379 .379 - .467 -.059
Chiana (Ar) .306 -.010 .173 .338 -.026 .452** -
Baia (Ce) .298 .143 .244 .239 - .236* -.050
Cerreta (Sa) .075 -.200 -.027* .164 - .439* -.034
Vesolo (Sa) -.113 .238 .000 .618* - .461 -.032
Tab. 5 - Mean fixation index (F) assessed for each population and 
polymorphic locus (* P ≤ 0.05; ** P  ≤ 0.01).
Indice di fissazione medio (F) stimato per ciascuna popolazione e locus 
polimorfico (* P  ≤ 0,05; ** P  ≤ 0,01).
loci (P
5% 
) was 50.0 % in Tuscan populations (Table 4). 
Ca’ de Cìo and Pieve showed the highest value (P
5%
 = 
54.5), while Dagnano and Chiana showed the lowest 
value (P
5%
 = 45.5). The mean observed heterozygosity 
(H
o
) was 0.205 ranging from 0.178 (Chiana) to 0.264 
(Dagnano); the mean expected heterozygosity (H
e
) 
was 0.247, from 0.233 (Pieve) to 0.257 (Dagnano). 
As H
e
 was generally higher than H
o
 value, the 
mean inbreeding coefficient (Table 4) resulted posi-
tive (F = 0.174). Dagnano only showed a negative F 
value (-0.027) near to the equilibrium. The significant 
departures from the Hardy-Weinberg equilibrium per 
locus were probably due to an excess of homozygotes 
at locus Got-2 in populations Ca’ de Cìo and Chiana 
(Table 5). 
Mean value of F-statistic indices, assessed for all 
loci and Tuscan populations (Table 6), showed that 
the 83% of genetic variability was found within popu-
lations (mean F
IS
 = 0.137), whereas  F
ST
 (genetic vari-
ability among populations) was only 34%. The F
IT
 mean 
value (0.166) highlights the lack of heterozygotes in 
the overall population. GOT-2 (0.473), PGM-3 (0.201), 
ADH-2 (0.184) were loci that mostly contributed to 
achieve this result.
Genetic variation within reference populations
The same isozyme systems were analysed for 3 
 Locus FIS FIT FST
 
 PGI-2 .026 .113 .090
 PGM-2 -.082 -.072 .009
 PGM-3 .197 .201 .005
 ADH-2 .145 .184 .046
 IDH-1 -.046 -.032 .014
 GOT-2 .465 .473 .016
 GOT-3 -.048 -.016 .031
 Mean .137 .166 .034
Tab. 6 - Mean F-statistics assessed over all loci and populations 
analysed.
F-statistici medi stimati per tutti i loci e tutte le popolazioni analizzate.
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field maple populations selected in Campania and 
used as reference.
Comparison between distribution and frequency 
of alleles (Table 3) revealed that in Campania popula-
tions the system IDH-1 was monomorphic for allele 
a and the allele PGI-2e had a lesser frequency com-
pared to the Tuscan populations (in Baia-Caserta and 
Vesolo-Salerno, PGI-2e was rare). At locus GOT-2 the 
allele a was rare only in Vesolo, while in the Tuscan 
populations it was rare (Ca’ de Cìo  and Chiana) or 
null (Dagnano and Pieve). The allele GOT-3a was rare 
but present in the three reference populations, while 
it was detected in the Tuscan population Ca’ de Cìo 
only (Table 3). Finally, in Vesolo allele PGM-2b was 
probably null.
The mean number of allele per locus (A) was 
1.87 in Campania populations and ranged from 1.8 
(Vesolo) and 1.9 (Baia and Cerreta; Table 4). Mean 
value of P
5%
 was lower in the reference system (mean 
P
5% 
Campania = 45.5; mean P
5% 
 Tuscany = 50.0). In the 
reference system mean H
o
 value was 0.174, while mean 
H
e
 was 0.218. The inbreeding coefficient was always 
positive (excess of homozygotes), but the population 
of Cerreta (F = 0.084) could be considered close to 
Hardy-Weinberg equilibrium. Instead, Vesolo was the 
population with the highest value of F (0.302) among 
all those analyzed in this study (Table 4). Baia and 
Cerreta deviated significantly from panmittic equilib-
rium at locus GOT-2 for homozygote excess, as well as 
Vesolo deviated from the equilibrium at locus ADH-2 
for the same reason (Table 5).  F was significantly 
negative at locus PGM-3 in Cerreta population (excess 
of heterozygotes) (Table 5). 
Genetic structure of studied populations
For the total sample, the neutrality of analysed 
 Hardy-Weinberg equilibrium test Ewens-Watterson neutrality test
Locus DF Probability c2 Probability G2 Mean F s.e. L95 U95
PGI-2 3* 0.011499 0.025103 0.7169 0.034 0.3824 0.9733
PGM-2 1* 0.610626 0.610597 0.8320 0.028 0.5033 0.9910
PGM-3 3* 0.007027 0.014026 0.7075 0.035 0.3826 0.9821
ADH-2 3* 0.000104 0.000092 0.7081 0.036 0.3874 0.9821
IDH-1 1* 0.867336 0.814499 0.8297 0.028 0.5033 0.9910
GOT-2 3 0.000000 0.000000 0.7072 0.037 0.3662 0.9821
GOT-3 3* 0.995068 0.986790 0.7000 0.038 0.3606 0.9821
 Probability Probability c2/G2(>0.05)
 c2 G2
 
 0.011499 0.0251030 0.458073
 0.610626 0.610597 1.000047
 0.007027 0.014026 0.500998
 0.000104 0.000092 1.130435
 0.867336 0.814499 1.064871
 0 0 0.000000
 0.995068 0.98679 1.008389
Tab. 7 - Chi-square and G square probabilities (95% confidence level), mean F (mean homozigosity value expected under neutrality hypothesis), stan-
dard error (s.e.), lower (L95) and upper (U95) confidence limits of expected F values across 7 polymorphic loci in field maple populations. (* deviation 
from Hardy-Weinberg equilibrium).
Livelli di probabilità relativi al Chi quadrato e al G quadrato (95%), F medio (omozigosi media attesa  sotto ipotesi di neutralità), errore standard (s.e.), 
limiti degli intervalli di confidenza (minore: L95; maggiore U95) dei valori attesi di F nei 7 loci polimorfici esaminati nelle 7 popolazioni di acero campe-
stre (* deviazione dall’equilibro di Hardy-Weinberg).
markers - tested by Ewens-Watterson test for neutral-
ity - suggested that all polymorphic loci were neutral 
at 0.01 level (Table 7) indicating no effect of selection 
on allele distribution. c2 and G2 (likelihood ratio) tests 
showed that all polymorphic loci, except for GOT-2, 
deviated from Hardy-Weinberg equilibrium (probabil-
ity: c2/G2 >0.05). Furthermore, only IDH-1 and GOT-3 
loci showed a little higher observed heterozygosity 
than expected (Table 8).
Wright’s F, found significantly different from 0 
(P<0.05) in Ca’ de Cìo and Chiana (Tuscany) as well as 
in Baia and Vesolo (Campania), indicanted a deficiency 
of heterozygotes (Table 4). Global test for Hardy-
Weinberg equilibrium (Markov chain parameters: 
10,000 dememorization; 100 batches, 5,000 iteration 
per batch) was non significant (P<0.001) due to het-
erozygotes excess, both for populations and loci.  On 
the contrary, deviation was significant (P<0.001) when 
deficit of hererozygotes was considered.
Linkage disequilibrium test for single populations 
(calculated using 1000 similated samples) showed 
Locus Number of alleles H
o  
H
e
 A A
e
  Levene’s Nei’s
PGI-2 3 2.07 0.4144 0.5189 0.5165
PGM-2 2 2.00 0.4775 0.5016 0.4994
PGM-3 3 2.20 0.4234 0.5489 0.5464
ADH-2 3 2.32 0.4144 0.5712 0.5686
IDH-1 2 1.04 0.0360 0.0355 0.0354
GOT-2 3 1.73 0.2342 0.4225 0.4206
GOT-3 3 1.06 0.0541 0.0530 0.0528
Mean 2.71 1.77 0.2934 0.3788 0.3771
SD 0.4880 0.5274 0.1858 0.2333 0.2322
Tab. 8 - Observed (A) and expected (Ae) number of alleles, observed 
(Ho) and expected (He) heterozygosity estimated for polymorphic loci in 
all analyzed populations.
Numero di alleli osservato (A) ed atteso (Ae), eterozigosi osservata (Ho) 
e attesa (He) stimate per i loci polimorfici in tutte le popolazioni.
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Locus FIS FIT FST HT HS DST GST
PGI-2 .059 .151 .098 .511 .471 .040 .078
PGM-2 -.024 .002 .025 .502 .505 -.003 -.005
PGM-3 .145 .220 .088 .559 .524 .036 .064
ADH-2 .222 .256 .043 .576 .572 .004 .007
IDH-1 -.046 -.018 .027 .035 .035 -0.00 -.002
GOT-2 .423 .448 .044 .435 .435 -.001 -.002
GOT-3 -.044 -.023 .020 .054 .055 -.001 -.011
Mean .153 .203 .059 .243 .236 .007 .028
Tab. 9 - Mean values of F statistics (Weir and cockerhAm 1984) and 
genetic differentiation (Nei 1987; hArtl and clArk 1989) assessed for all 
loci and analysed populations of field maple.
Valori medi degli F statistici (Weir and cockerhAm 1984) e di differenzia-
zione genetica (Nei 1987; hArtl and clArk 1989) stimati per tutti i loci e 
per le popolazioni analizzate.
Population 1 2 3 4 5 6 7
       
1. Ca’ de Cìo (Ar) ***** .000 .016 .002 .012 .017 .037
2. Dagnano (Ar) .009 ***** .000 .000 .005 .001 .019
3. Pieve (Ar) .029 .014 ***** .005 .006 .002 .014
4. Chiana (Ar) .011 .009 .018 ***** .012 .005 .039
5. Cerreta (Sa) .022 .018 .020 .021 ***** .007 .012
6. Baia (Ce) .025 .012 .014 .012 .016 ***** .023
7. Vesolo (Sa) .045 .031 .027 .047 .021 .030 *****
Tab. 10 - Genetic distances among the studied populations assessed on 
all analysed loci (above diagonal: Nei (1978) unbiased genetic distance; 
below diagonal: Nei (1972) genetic distance).
Distanze genetiche stimate tra le popolazioni studiate per i loci esamina-
ti sopra la diagonale: Nei (1978); sotto la diagonale: Nei (1972).
two numbers of significant (P<0.05; c2 test with one 
degree of freedom): ADH-2c and GOT3a, ADH-2c and 
GOT-3b. When the test was made in pairs of loci across 
the seven populations analysed, it was non significant 
(P>0.05; Markov chain parameters: 10,000 dememori-
zation; 100 batches, 5,000 iteration per batch), except 
in 6 out of 111 pairs (about 5.5%) which showed 
non-random associations between some pairs. After 
Fisher’s test, genotypic linkage disequilibrium was 
significant (P<0.05) only between one loci pair (PGM-3 
and ADH-2). Genic differentiation (Markov chain pa-
rameters: 10.000 dememorization; 100 batches, 5.000 
iteration per batch) across all loci of all populations 
(Fisher’s exact test P≤ 0.001) was significative only for 
PGI-2.  When population pairs were considered, allele 
Fig. 4 - UPGMA dendrogram (Nei 1978).
Dendrogramma delle distanze genetiche UPGMA (Nei 1978).
frequencies across all loci was not significantly differ-
ent between populations (Fisher’s exact test P≤ 0.001), 
except for one population pair (Chiana and Vesolo). 
Even when F-statistics were calculated on all 
populations analyzed, approximately 94% of the total 
variability (F
ST
 = 0.059 and F
IT
 = 0.203) was common 
to 7 groups. Consequently, according to wriGHt (op. 
cit.), it could be said that there was a moderate differ-
entiation among populations and the most important 
factor of variability was the genetic diversity within 
populations (F
IS
 = 0.153; Table 9). The mean values 
of genetic differentiation confirmed that the inter-
population variability was only a small part of the 
total (H
T
 = 0.243; G
ST
 = 0.028). The locus IDH-1 was 
the one with less total variability, while PGI-2 (G
ST
 = 
0.078) and PGM-3 (G
ST
 = 0.064) were the most effective 
in differentiating populations. The little proportion of 
genetic variation due to differences among popula-
tions may be caused by a high level of gene flow, as 
indicated both by the indirect method (N
m 
= 4.017; 
wriGHt op. cit.) and by the private allele method (N
m 
 
= 4.190; N
m 
 = 2.656 after correction for size; slatkin 
op. cit.; Barton and slatkin op. cit.).
The genetic variability mainly due to differences 
among individuals was also confirmed by the dendro-
gram obtained with the total samples (by NTSYS 2.1; 
roHlF op. cit.);  some individuals sampled in Tuscan 
populations were grouped, but most of them were 
distributed in other clusters with Campania trees.
 nei’s genetic distance values among populations 
were low (Table 10).  Among the populations used 
as reference system, Vesolo was the population with 
greater distance from Tuscan populations. The UP-
GMA dendrogram, based on Nei’s genetic distances 
(op. cit.; Figure 4), had two main clusters: the first 
was homogenous from a geographical point of view, 
bringing together 3 out of 4 Tuscan populations (Ca’ 
de Cìo, Dagnano, Chiana), while the second included 
2 Campania populations (Baia and Cerreta) and 1 
Tuscan population (Pieve). The population of Vesolo 
was the most genetically distinct population, since it 
was separated from the other populations and formed 
a single cluster. 
The principal component analysis (Table 11), as-
sessed on all analyzed populations, showed that the 
first six components explain 56% of the total variance, 
while the first three accounted the 32% only. The al-
leles with more discriminating value resulted ADH-
2b, ADH-2c, PGM-3b, PGM-2b, GOT-2b and GOT-2c, 
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Fig. 5 - Population division obtained from Principal Components 
Analysis.
Divisione delle popolazioni ottenuta con l’Analisi delle Componenti 
Principali.
Tab. 11 - Principal components analysis assessed on the matrix of 18 
alleles in the 7 isoenzymatic polymorphic loci. 
Analisi delle Componenti principali stimate sulla matrice di 18 alleli in 7 
loci enzimatici polimorfici.
Component Eigenvalue Simple Cumulated Allele Correlation
  % %  coefficient
 1 2.065 12.145 12.145 ADH-2b 0.81
 2 1.806 10.624 22.769 ADH-2c -0.71
 3 1.664 9.789 32.558 PGM-3b 0.61
 4 1.422 8.364 40.922 PGM-2b -0.60
 5 1.355 7.971 48.893 GOT-2b 0.58
 6 1.236 7.268 56.161 GOT-2c -0.58
respectively. The plot in Figure 5 also confirmed the 
separation of  Tuscan populations, Ca’ de Cìo, Dagna-
no and Chiana from those of Campania region. Vesolo 
resulted separated from the other  groups.
Discussion
Genetic variation and structure
As regards the main genetic parameters, the results 
obtained in this study were comparable with those 
reported in literature for A. campestre (BenDixen op. 
cit.) and other species of genus Acer, characterized 
by different natural distribution and types of diffusion 
(Perry and knowles 1989; Belletti and Monteleone op. 
cit.; rusanen et al. op. cit.; iDDrisu and ritlanD op. cit.; 
Belletti et al. op. cit.).
Mean number of alleles per locus was less (A = 
2.09) than BenDixen’s (op. cit.) for A. campestre (A 
= 3.15). However, this author did not include the 
monomorphic loci in his analysis. Even Belletti et 
al. (op. cit.) estimated a higher mean value (A = 2.78) 
for northern Italian populations of sycamore, even 
though the mean effective number of alleles per locus 
was 1.47 which was similar to the value estimated in 
this study (mean A
e
 = 1.49 and 1.41 for Tuscan and 
Campania populations respectively, while mean A
e 
= 
1.45 for global sample). In other Acer species A ranged 
from 1.71 (bigleaf maple; iDDrisu and ritlanD (op. cit.) 
to 2.03 (sugar maple; Foré et al. 1992b). rusanen et al. 
(op. cit.) assessed mean A = 2.0 for A. platanoides in 
Northern Europe.
The mean percentage of polymorphic loci (48.7) is 
lower than the one indicated by rusanen et al. (op. cit.) 
for Norway maple (54.5%) or by iDDrisu and ritlanD 
(op. cit.)  for A. macrophyllum (P
5%
 = 61.2%). On the 
contrary, P
5%
 was higher than the one found by Perry 
and knowles (op. cit.) for A. saccharum (P
5%
 = 38.2%) 
and near the value estimated by HaMrick et al. (op. 
cit.) for woody Angiosperms (45.1). Foré et al. (1992a) 
obtained very high P
5%
 value (87.5) for A. saccharum in 
Canada and also BenDixen (op. cit.) for field maple in 
Germany, but they did not survey monomorphic loci. 
Perhaps our result was affected by the limited num-
ber of samples and populations and by the isozyme 
system analysed.
The mean heterozygosity (0.235) of this first group 
of analysed populations was relatively higher than the 
one estimated by HaMrick (1989) and HaMrick et al. (op. 
cit.) for woody species pollinated by wind or insect 
(mean H = 0.154 and H = 0.163 respectively), and by 
Foré et al. op. cit. (H
e
 = 0.150), Perry and knowles op. 
cit. (H
e
 = 0.110), younG et al. (1993a; H
e
 = 0.109) for A. 
saccharum, by rusanen et al. op. cit. (H
e
 = 0.128; H
e
 = 
0.132) for A. platanoides, by iDDrisu and ritlanD op. cit. 
(H
e
 = 0.152) for A. macrophyllum. However, BenDixen 
(op. cit.), still for field maple, obtained H value (0.287) 
higher than the value obtained in the present study. 
In addition, on 18 populations of A. pseudoplatanus 
selected in Northern Italy, Belletti and Monteleone op. 
cit. and Belletti et al. op. cit. obtained a mean value (H 
= 0.200) greater than HaMrick’s (op. cit.) and HaMrick’s 
et al. (op. cit.). In Italy similar values of H for species 
with sporadic spread, like wild cherry (Ducci and santi 
1996; Ducci and Proietti 1997; Proietti et al. 2006) and 
for social species (like genus Quercus, Belletti et al. 
2005) were found. Higher values were estimated in Eu-
rope also for species with insect cross-pollination such 
as Sorbus aucuparia (rasPé and jacqueMart 1998) 
and Sorbus torminalis (DeMesure et al. 2000) or for 
those with wind pollination such as Fagus sylvatica 
(Müller-starcH et al. 1992; konnert 1995).  Actually, in 
tree species with a wide and sporadic spreading range, 
135Ann. CRA - Centro Ric. Selv. - Vol. 36, 2009 - 2010: 125 - 138 
F. Ducci, R. PRoietti, G. caRone, S. aPuzzo 
First surveys on genetic variability and structure of field maple (Acer campestre L.) in natural and managed populations in the landascape of central and southern Italy
these values could be determined by cross-pollination 
which promotes diversity among individuals in popula-
tions.  P. avium and Sorbus sp., species similar to field 
maple from an ecological and biological point of view, 
could store more intraspecific diversity than species 
with other reproductive characteristics.
The excess of homozygotes was probably due to 
the size and type of sampled populations, which the 
artificial ones (lines on field edges) consist predomi-
nantly of seedlings collected by farmers from natural 
regeneration, originated by one or few parental trees 
and used as living props for grapevines; the natural 
materials come from relatively isolated populations 
consisting of few scattered trees. Therefore, their 
structure could be also affected by the “founder ef-
fect”. It is worth that two natural populations used as 
local references, Dagnano in Tuscany and Cerreta in 
Campania, showed the lowest inbreeding coefficient. 
Indeed, those populations are located in forest and 
were sampled in areas with low anthropic influence. 
Even the age of forest stand can affect the level 
of heterozygosity: the homozygotes tend to decrease 
with age, probably because of selection phenomena 
and adaptation to the environment (rossi et al. 1996). 
Heterozygotes generally were considered more re-
sistant to environmental stresses, then their percent-
age tends to increase in mature stands (Hertel et al. 
1994). Consequently, the F value tends to decline.
F-statistics values indicated a low degree of dif-
ferenziation in the studied populations (F
ST
 = 0.059). 
However, the value of F
ST
 found for A. campestre 
were similar to those reported for A. saccharum (F
ST
 
= 0.049, younG et al., 1993b; F
ST
 = 0.033, Perry and 
knowles op. cit.), A. macrophyllum (F
ST
 = 0.054, iD-
Drisu and ritlanD op. cit.), A. pseudoplatanus (F
ST
= 
0.019, Belletti et al. op. cit.). rusanen et al. (op. cit.) 
estimated an higher F
ST
 for A. platanoides (0.099), but 
populations analyzed were selected in a much wider 
area (Germany, Poland, Denmark, Estonia, Norway, 
Sweden and Finland). This result was frequent in 
woody Angiospermae with wide and continuous 
range, long biological cycles and cross-pollination. All 
these factors favoured exchanges among populations 
across pollen and seeds and may explain why the indi-
vidual variability was greater than the total variability 
(loVeness and HaMrick 1984). Because molecular and 
biochemical genetic markers are generally considered 
neutrals, a further study with non-neutral markers (as 
stress resistance, phenology, shape indices) could 
be useful to better highlight differentiation among 
populations. Non-neutral markers could identify the 
adaptative genetic diversity (kreMer et al. op. cit.) 
that has enabled populations to survive to differ-
ent environmental conditions in the course of time. 
F
ST
value was confirmed also by G
ST 
(0.028) that was 
lower than the value estimated by HaMrick et al. (op. 
cit.) for outcrossing species with seeds dispersed by 
wind (0.084). Probably this result reflected the behav-
ior of field maple which is considered a post-pioneer 
species able to occupy abandoned areas such as non 
cultivated fields or pastures. The loci PGI-2 and PGM3 
(G
ST 
= 0.078 and 0.064 respectively) were those with 
higher capacity of population differentiation. 
The low genetic differentiation reflect also the 
estensive gene flow (allogamy and seeds dispersed by 
wind) and recent colonization.  Indeed, both factors 
promote similarity among populations. Furthermore, 
in  A. campestre F
ST
 could also be influenced by human 
activities. Disturbances on habitats occupied by field 
maple did not reduce gene flow, as indicated both by 
indirect estimate and private allele method.  Instead, 
the high value of N
m
 could contrast the effects of ge-
netic drift and/or small size of isolated population and 
could be useful to preserve structure in populations. 
High level of migration among populations was found 
in Italy for A. pseudoplatanus (N
m
 = 4.39; Belletti et 
al. op. cit.) and in Canada for A. macrophyllum (N
m 
= 4.10; iDDrisu and ritlanD op. cit.). The latter result 
suggested that geografical distances did not limit 
gene flow thanks to continuity of natural range, cross-
pollination and ability of pollen and seed dispersion. 
All these factors tend to homogenize genetic composi-
tion of populations and to reduce their differentiation.
The reduced genetic distances between Tuscan and 
Campania populations could be explained by distri-
bution of A. campestre (wide and continuous natural 
range) and by the manipulation that it has undergone 
over the past 10 centuries which has encouraged 
gene flow along the Italian peninsula. The UPGMA 
dendrogram partially reflects the geographical distri-
bution of the analysed populations clustering only 3 
Tuscan populations, but grouping the fourth Tuscan 
population with Baia and Cerreta. The apparent lack 
of clear geographical structure in genetic variability 
was found in Italy also for wild cherry (Ducci and 
Proietti op. cit.). 
In other Acer species, authors (iDDrisu and ritlanD 
op. cit.; Foré et al. op. cit.; rusanen et al. op. cit.) 
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found similar value of Nei’s genetic distance and non-
significant, or only few significant, correlations be-
tween genetic and geographical distance, although the 
analysed populations were selected in wider regions 
(e.g. Canada for A. macrophyllum and A. saccharum 
or northern Europe for A. platanoides). 
Management and conservation
Conservation of genetic variability is a focal point 
not only for species at risk of extinction but for all spe-
cies, because diversity confers evolutionary plasticity 
to individuals and maintains their adaptative potential 
to environmental changes (PalMBerG-lercHe 1996; 
naMkoonG 1998; tessier Du cros et al. 2000). Preserv-
ing a large gene pool is also essential for breeding and 
future genetic improvement. 
Environmental simplification can be a factor of 
the genetic variability reduction, particularly in spe-
cies like field maple whose populations are naturally 
formed by few individuals. In forest species, subject 
to greater environmental risk because of their long 
biological life cycles, good levels of variability (n/l, 
F and P
5%
) encourage adaptability to change due to 
biotic and abiotic factors. 
The population of Pieve, that in recent years has 
suffered a gradual reduction of trees, could be an 
example of the above factors, as it was the group 
with the lowest mean number of alleles per locus in 
the populations analyzed.  Despite this feature, Pieve 
was the only one in the 7 populations selected to have 
allele GOT-3c, even though with rare frequency. For 
this reason, a proper management of this population 
could be necessary to preserve this private allele. 
Moreover, despite the limited differentiation 
among populations, there were differences in the 
frequency of some alleles between the Tuscan popula-
tions and those of reference. For example, in Campa-
nia populations the allele PGI-2e was rare and system 
IDH was monomorphic, while there was the opposite 
situation for GOT-2a and GOT-2b allele frequency in 
Tuscan populations. Thus, it is  necessary to know 
the genetic diversity of single populations and regions 
in order to include more representative samples of 
genetic variation of species in conservation planning 
and take into account local adaptative variation as 
well. Moreover, genetic structure partly reflects the 
action of population genetic processes, e.g. selection 
and genetic drift.
As in other allozyme survey on wood species 
(loVeless and HaMrick op. cit.), the main component of 
genetic variability was F
IS
 (intra-populations).  There-
fore, in ex-situ conservation programmes fewer popu-
lations should be sampled, but with a bigger number 
of individuals within them. The choice of populations 
could be done primarily taking into account allelic 
richness and heterozygosity because they reflect the 
ability of a species to cope with future changes. Ge-
netic distance among populations was not very useful 
in this case because an evident geographical pattern 
was not present. 
In-situ conservation is also important, because 
it allows the species to keep evolving together with 
the environment (dynamic conservation). Therefore, 
a sustainable land management aimed to preserve 
ecological, biological and cultural diversity could also 
promote the conservation of genetic resources. 
It is useful to keep on studying the genetic structure 
of A. campestre to know the size and distribution of 
variability that is still available. Further surveys should 
take into account ecological data, altitude and adapta-
tive traits, in order to better examine inter-population 
differentiation and better understand the capabilities 
of field maple to cope with global climate change.
Acknowledgments
The authors wish to thank the anonymous reviewer 
for his helpful comments that improved the final paper.
Literature cited
AA. VV. 2003 – Materiale di propagazione forestale e conser-
vazione della biodiversità. Il caso di studio della Liguria. 
APAT – Manuali e linee guida 28: 84 p.
alleGri e. 1988 - Tavole dendrologiche. Ann. Ist. Sper. Selv. sup-
plemento vol. XVII (1986), Arezzo.
BarrenecHe t., BoDénès c., lexer c., trontin j.F., FlucH s., st-
reiFF r. 1998 - A genetic linkage map of Quercus robur L. 
(pedunculate oak) based on RAPD, SCAR, microsatellite, 
minisatellite, isozyme and 5S rDNA markers. Theor. Appl. 
Genet. 97: 1090–1103.
Barton n.H., slatkin M. 1986. A quasi-equilibrium theory of the 
distribution of rare alleles in a subdivided population. 
Heredity 56: 409-415.
BenDixen k. 2001 - Zum Reproduktionssystem des Feldahorns 
(Acer campestre L.) – Blühphänologie und genetische Unter-
suchungen. Dissertation, Georg-August-Universität Göttingen, 
Germany: 152 p.
Belletti P., Monteleone i. 2000 - Variabilità genetica in popola-
zioni di frassino ed acero di monte dell’Italia settentrionale. 
Atti II Convegno SISEF, Bologna, 20-22 ottobre 1999: 243-247.
137Ann. CRA - Centro Ric. Selv. - Vol. 36, 2009 - 2010: 125 - 138 
F. Ducci, R. PRoietti, G. caRone, S. aPuzzo 
First surveys on genetic variability and structure of field maple (Acer campestre L.) in natural and managed populations in the landascape of central and southern Italy
Belletti P., Monteleone i., Ferrazzini D., Marcella M. 2004 - Studi 
e ricerche a tutela della biodiversità delle specie forestali in 
Lombardia. ERSAF – Regione Lombardia: 96 p.
Belletti P., leonarDi s., Monteleone i., PioVani P. 2005 - Allozyme 
variation in different species of deciduous oaks from north-
western Italy. Silvae Genet. 54 (1): 9-16.
Belletti P., Monteleone i., Ferrazzini D. 2007 - Genetic variability 
at allozyme markers in sycamore (Acer pseudoplatanus) 
populations from northwestern Italy. Can. J. Forest Res. 37 
(2): 395-403.
Bernetti G. 1995 - Selvicoltura speciale. UTET-Torino: 227-228.
BerGMann F., GreGorius H.r. 1993 - Ecogeographical distribution 
and thermostability of isocitrate dehydrogenase (IDH) al-
loenzymes in European silver fir. Biochem. Syst. Ecol. 21 
(5): 597-605.
caValli-sForza l.l., Menozzi P., Piazza a. 1994 - Storia e geografia 
dei geni umani. Adelphi Edizioni: 791 p.
cHeliak w.M., Pitel j.a. 1985 - Techniques d’électrophorèse sur 
gel d’amidon des enzymes d’essences d’arbres forestiers. 
Rapport d’information PI-X-42F. Institut Forestier National 
de Petawawa, Service Canadien des Forêts: 1-47.
DeMesure B., le Guerroue B., luccHi G., Prat D., Petit r.j. 2000 
- Genetic variability of a scattered temperate forest tree: 
Sorbus torminalis L. (Crantz). Ann. For. Sci. 57 (1): 63-71.
Ducci F., santi F. 1996 - Cloni naturali di ciliegio selvatico (Prunus 
avium L.): loro significato in foresta e per l’arboricoltura da 
legno. Sherwood – Foreste e Alberi Oggi 14: 11-16.
Ducci F., Proietti r. 1997 - Variabilità alloenzimatica nel ciliegio 
selvatico (Prunus avium L.) in Italia. Ann. Ist. Sper. Selv. 
XXV-XXVI (1994-1995), Arezzo: 81-104.
el-kassaBy y.a. 1991 - Genetic variation within and among 
conifer populations: review and evaluation of methods. 
In: Biochemical markers in the population genetics of for-
est trees, edited by Fineschi S., Malvolti M.E., Cannata F., 
Hattemer H.H. SPB Academic Publishing bv, the Haugue, The 
Netherlands: 61-76.
eriksson G., Black-saMuelsson s., jensen M., MykinG t., rusanen 
M., skrøPPa t., Vakkari P., westerGaarD l. 2003 - Genetic vari-
ability in two tree species, Acer platanoides L. and Betula 
pendula Roth, with contrasting life-history traits. Scand. J. 
Forest Res. 18 (4): 320-331.
Farris j.s. 1972 - Estimating phylogenetic trees from distance 
matrices. Am. Nat. 106: 645-688.
FinkelDey r. 2001 - Genetic variation of oaks (Quercus spp.) in 
Suiterland. 2. Genetic structures in “pure” and “mixed” 
forests of peduncolate oak (Q. Robur L.) and sessile oak (Q. 
Petraea (Matt.) Liebl.). Silvae Genet. 50 (1): 22-30.
FinkelDey r., Mátyás G. 2003 - Genetic variation of oaks (Quer-
cus spp.) in Switzerland. 3. Lack of impact of postglacial 
recolonization history on nuclear gene loci. Theor. Appl. 
Genet. 106: 346–352.
Foré s.a., Hickey r.j., GuttMan s.i., Vankat j.l. 1992a - Temporal 
differences in genetic diversity and structure of shugar 
maple in an old-growth forest. Can. J. Forest Res. 22 (10): 
1504-1509. 
Foré s.a., Hickey r.j., Vankat j.l., GuttMan s.i., scHaeFer r.l. 1992b 
- Genetic structure after forest fragmentation: a landscape 
ecology perspective on Acer saccharum. Can. J. Bot. 70 (8): 
1659-1668. 
GeBurek t. 1997 - Isozymes and DNA markers in gene conserva-
tion of forest trees. Biodivers. Conser. 6 (12): 1639-1654.
Gellini r., Grossoni P. 1997 - Botanica Forestale. Vol. II. CEDAM, 
Padova.
GöMöry s., yakoVleV i., zHeleV P., jeDinakoVa j., Paule l. 2001 - Ge-
netic differentiation of oak populations within the Quercus 
robur/Quercus petraea complex in Central and Eastern 
Europe. Heredity 86 (5): 557–563.
GouDet j. 2001 – FSTAT, a program to estimate and test gene 
diversities and fixation indices (version 2.9.3). Available 
from: http://www.unil.ch/izea/softwares/fstat.html. Updated 
from Goudet (1995).
Guo s.w., tHoMPson e.a. 1992 - Performing the exact test of 
Hardy-Weinberg proportion for multiple alleles. Biometrics 
48 (2): 361-372.
HaMrick j.l. 1989 - Isozymes and the analysis of genetic struc-
ture in plant populations. In: Soltis D.E., Soltis P.S. (Eds.), 
Isozymes in Plant Biology. Dioscorides Press, Portland, 
Oregon: 87-105.
HaMrick j.l., GoDt M.j.V., sHerMan-Broyles s.l. 1992 - Factor in-
fluencing levels of genetic diversity in woody plant species. 
New For. 6 (1-4): 95-124.
Hartl D.l., clark a.G. 1989 - Principles of population genetics. 
Sinauer Associates, Sunderland, MA.
Hertel H., zasPel i., eisenHauer D.r. 1994 - Investigations about 
vitality and genetic structure in oak stands. In: Proceeding 
of International Symposium on environmental constraints and 
oaks: ecological and physiological aspects. Nancy, France: 9 p.
Howe G.t., aitken s.n., neale D.B., jerMstaD k.D., wHeeler n.c., 
cHen t.H.H. 2003 - From genotype to phenotype: unravelling 
the complexities of cold adaptation in forest trees. Can. J. 
Bot. 81 (12): 1247-1266. 
iDDrisu M.n., ritlanD k. 2004 - Genetic variation, population 
structure and mating system in bigleaf maple (Acer mac-
rophyllum Pursh). Can. J. Bot. 82 (12): 1817-1825.
konnert M. 1995 - Investigations on the genetic variation of 
beech (Fagus sylvatica L.) in Bavaria. Silvae Genet. 44 (5/6): 
346-351.
konnert M., ruetz w., FroMM M. 2001 - Genetic variation in Acer 
pseudoplatanus L. I. Inheritance of isozyme variants. For. 
Genet. 8 (1): 25-37.
kreMer a., Petit r.j., Ducousso a. 2002 - Biologie évolutive et 
diversité génétique des chêne sessile et pédonculé. Rev. For. 
Fr. 54 (2): 111-130.
leineMann l., BenDixen k. 1999 - Inheritance of isozymes variants 
in field maple (Acer campestre L.). For. Genet. 6 (2): 73-77.
loVeless M.D., HaMrick j.D. 1984 - Ecological determinants of 
genetic structure in plant populations. Annu. Rev. Ecol. 
Syst. 15: 65-95.
Ann. CRA - Centro Ric. Selv. - Vol. 36, 2009 - 2010: 125 - 138   138
F. Ducci, R. PRoietti, G. caRone, S. aPuzzo 
First surveys on genetic variability and structure of field maple (Acer campestre L.) in natural and managed populations in the landascape of central and southern Italy
Manly B.F.j. 1985 - The statistics of natural selection on animal 
populations. Chapman & Hall, London.
Müller-starck G. 1998 - Isozymes. In: Molecular Tools for 
Screening Biodiversity. Plants and animals. Edited by A. 
Karp, P.G. Isaac and D. Ingram. Kluwer Academic Published, 
Netherlands: 75-81.
Müller-starck G., BaraDat P., BerGMann F., 1992 - Genetic varia-
tion within European tree species. New For. 6 (1-4): 23-47.
naGy l., Ducci F. 2003 - Field maple - Acer campestre. EUFOR-
GEN Technical Guidelines for genetic conservation and use. 
IPGRI-International Plant Genetic Resources Institute, Rome, 
Italy: 6 p.
naMkoonG G. 1998 - Forest genetics and conservation in Europe. 
In: Turoc J., Palmberg-Lerche C., Skrøppa T., Ouédraogo A.S. 
(Eds.), Conservation of forest genetic resources in Europe, 
International Plant for Genetic Resources Institute, Rome, 
Italy: 3-10.
nei M. 1972 - Genetic distance between populations. Am. Nat. 
106: 283-292.
nei M. 1978 - Estimation of average heterozygosity and genetic 
distance from a small number of individuals. Genetics 89: 
583-590.
nei M. 1987 - Molecular evolutionary genetics. Columbia Univer-
sity Press, New York.
PalMBerG-lercHe c. 1996 - Conservazione della diversità biolo-
gica e delle risorse genetiche. Sherwood – Foreste e Alberi 
Oggi 16: 29-33.
Perry D.j., knowles P. 1989 - Allozyme variation in sugar maple 
at the northern limit of its range in Ontario, Canada. Can. 
J. Forest Res., 19: 509-514.
Proietti r., Ducci F., Guerri s., Gui l., Gorian F. 2006 - Gestione 
delle risorse genetiche lungo la filiera vivaistica del ciliegio 
selvatico (Prunus avium L.). Forest@ 3 (4): 496-510. [online] 
URL: http://www.sisef.it/
rasPé o., jacqueMart a.l. 1998 - Allozyme diversity and genetic 
structure of European populations of Sorbus aucuparia L. 
(Rosaceae: Maloideae). Heredity 81 (5): 537-545.
rayMonD M., rousset F. 1995 - An exat test for population differ-
entiation. Evolution 49 (6): 1280–1283.
roHlF F.j. 2000 - NTSYS, Numerical Taxonomy and Multivari-
ate analysis System, vers. 2.1. Exeter Software - Applied 
Biostatistic Inc., N.Y.
rossi P., VenDraMin G.G., Giannini r. 1996 - Estimation of mating 
system parameters in two Italian natural populations of 
Fagus sylvatica. Can. J. Forest Res., 26 (7): 1187-1192.
rotHe G. M. 1990 - Efficiency and limitations of isozyme studies 
in forest tree genetics. Forest Genetic Resources Information, 
FAO No 18: 74 p.
rousset F. 2008 - GENEPOP’007: a complete re-implementation of 
the GENEPOP software for Windows and Linux. Mol. Ecol. 
Resour. 8 (1): 103–106.
rusanen M., Vakkari P., BloM a. 2000 - Evaluation of the finnish 
gene-conservation strategy for Norway maple (Acer plat-
anoides L.) in the light of allozyme variation. For. Genet. 
7 (3): 155-165.
rusanen M., Vakkari P., BloM a. 2003 - Genetic structure of Acer 
platanoides and Betula pendula in northern Europe. Can. J. 
Forest Res. 33: 1110-1115.
sereni e. 1982 - Storia del paesaggio agrario italiano. Edizioni 
La Terza, Bari.
slatkin M. 1985 - Rare alleles as indicators of gene flow. Evolu-
tion 39: 53-65.
sneatH P.H.a., sokal r.r. 1973 - Numerical Taxonomy: the prin-
ciples and practice of numerical classification. Freeman WH 
and Co, San Francisco: 573 p.
streiFF r., laBBe t., Bacilieri r., steinkellner H., Glössl j., kreMer 
a. 1998 - Within-population genetic structure in Quercus 
robur L. and Quercus petraea (Matt.) Liebl. assessed with 
isozymes and microsatellites. Mol. Ecol. 7 (3): 317-328.
swoFForD D.l., selanDer r.B. 1989 - Biosys-1. Illinois Natural 
History Survey: 43 p.
tessier Du cros e., Màtyàs c., krieBel H. 2000 - Contribution 
of genetics to the sustained management of global forest 
resources. In: Màtyàs C. (Ed.), Forest Genetics and Sustain-
ability, Kluver Academic Publishers: 281-288.
Vallejos c.e. 1983 - Enzyme activity staining. In: Isozymes in 
plant genetics and breeding, Part A. S.D. Tanksley and T.J. Or-
ton Eds, Elsevier Science Publishers B.V., Amsterdam: 469-516.
watterson G. 1978 - The homozygosity test of neutrality. Genet-
ics 88: 405-417.
weir B.s., cockerHaM c.c. 1984 - Estimating F-statistics for the 
analysis of population structure. Evolution 38 (6): 1358-1370.
wriGHt s. 1951 - The genetic structure of populations. Ann. Eu-
genetics 15: 532-554.
wriGHt s. 1978 - Evolution and genetics of populations. Vol. 4. 
Variability within and among natural populations. Univer-
sity of Chicago Press, Chicago.
yeH F.c., yanG r., Boyle t. 1999 - POPGENE, version 1.31. Mi-
crosoft Windows-based Freeware for Population Genetic 
Analysis. Department of Renewable Resources, University of 
Alberta, Edmonton, AB Canada. Available from: http://www.
ualberta.ca/˜fyeh
younG a.G., warwick s.i., MerriaM H. G. 1993a - The effects of for-
est fragmentation on genetic variation in Acer saccharum 
Marsh. (sugar maple) populations. Heredity 71 (3): 277-289.
younG a.G., warwick s.i., MerriaM H.G. 1993b - Genetic variation 
and structure at three spatial scales for Acer saccharum 
(sugar maple) in Canada and the implications for conser-
vation. Can. J. Forest Res. 23 (12): 2568-2578.
